A high plasma urate concentration (PUA), related to loss of urate oxidase in evolution, is postulated to protect humans from oxidative injury. This hypothesis has broad clinical relevance, but support rests largely on in vitro data and epidemiologic associations. Pegloticase therapy generates H 2 O 2 while depleting urate, offering an in vivo test of the antioxidant hypothesis. We show that erythrocytes can efficiently eliminate H 2 O 2 derived from urate oxidation to prevent cell injury in vitro; during therapy, disulfide-linked peroxiredoxin 2 dimer did not accumulate in red blood cells, indicating that their peroxidase capacity was not exceeded. To assess oxidative stress, we monitored F2-Isoprostanes (F2-IsoPs) and protein carbonyls (PC), products of arachidonic acid and protein oxidation, in plasma of 26 refractory gout patients receiving up to five infusions of pegloticase at 3-wk intervals. At baseline, PUA was markedly elevated in all patients, and plasma F2-IsoP concentration was elevated in most. Pegloticase infusion rapidly lowered mean PUA to ≤1 mg/dL in all patients, and PUA remained low in 16 of 21 patients who completed treatment. F2-IsoP levels did not correlate with PUA and did not increase during 15 wk of sustained urate depletion. There also was no significant change in the levels of plasma PC. Because refractory gout is associated with high oxidative stress in spite of high PUA, and profoundly depleting uric acid did not increase lipid or protein oxidation, we conclude that urate is not a major factor controlling oxidative stress in vivo. 
A high plasma urate concentration (PUA), related to loss of urate oxidase in evolution, is postulated to protect humans from oxidative injury. This hypothesis has broad clinical relevance, but support rests largely on in vitro data and epidemiologic associations. Pegloticase therapy generates H 2 O 2 while depleting urate, offering an in vivo test of the antioxidant hypothesis. We show that erythrocytes can efficiently eliminate H 2 O 2 derived from urate oxidation to prevent cell injury in vitro; during therapy, disulfide-linked peroxiredoxin 2 dimer did not accumulate in red blood cells, indicating that their peroxidase capacity was not exceeded. To assess oxidative stress, we monitored F2-Isoprostanes (F2-IsoPs) and protein carbonyls (PC), products of arachidonic acid and protein oxidation, in plasma of 26 refractory gout patients receiving up to five infusions of pegloticase at 3-wk intervals. At baseline, PUA was markedly elevated in all patients, and plasma F2-IsoP concentration was elevated in most. Pegloticase infusion rapidly lowered mean PUA to ≤1 mg/dL in all patients, and PUA remained low in 16 of 21 patients who completed treatment. F2-IsoP levels did not correlate with PUA and did not increase during 15 wk of sustained urate depletion. There also was no significant change in the levels of plasma PC. Because refractory gout is associated with high oxidative stress in spite of high PUA, and profoundly depleting uric acid did not increase lipid or protein oxidation, we conclude that urate is not a major factor controlling oxidative stress in vivo. U rate oxidase (uricase) converts uric acid to 5-hydroxy isourate and H 2 O 2 , leading to the formation of allantoin (1) . Mutation of the uricase gene during human evolution eliminated this source of H 2 O 2 and resulted in an average plasma urate concentration (PUA) of ∼0.3 mM (5 mg/dL), 5-to >20-fold higher than in most other mammals (2, 3) . Ames et al. (4) proposed that, by scavenging free radicals, a higher PUA protects humans from cancer and other life-shortening disorders. In support, they showed that urate inhibits lipid peroxidation by products of the reaction of H 2 O 2 with hemoglobin. In plasma, ascorbate is much more effective than urate in scavenging peroxyl radicals (5) , but because of its higher concentration, urate often is cited as the major water-soluble antioxidant in human plasma (6) . The antioxidant hypothesis has broad clinical relevance; for example, it underlies speculation that low PUA is a cause of neurodegenerative diseases and that raising PUA may be an effective therapy for these disorders (7, 8) .
Ascribing benefit to high PUA must contend with health risks associated with hyperuricemia, usually defined as PUA >7 mg/dL (0.42 mM), which is about the limit of sodium urate solubility. Chronic hyperuricemia leads to the deposition in tissues of monosodium urate (MSU) crystals, which are proinflammatory and cause gout, a form of arthritis affecting 3-5 million people in the United States (9) (10) (11) . Both hyperuricemia itself and gout are strongly associated with conditions thought to result from or to cause oxidative stress, including obesity, hypertension, the metabolic syndrome, and cardiovascular disease (CVD) (12) (13) (14) (15) (16) (17) (18) .The role of urate in these conditions remains uncertain.
The relationship of uricase expression and PUA to oxidative stress is directly relevant to pegloticase, a PEGylated recombinant porcine uricase under investigation as an orphan drug for treating refractory gout when other therapies have failed to maintain PUA below 6 mg/dL (0.36 mM), the usual therapeutic target (19, 20) . In such patients, i.v. pegloticase can lower PUA rapidly to <2 mg/dL (0.12 mM), considered the lower limit of normal. Markedly decreasing PUA can facilitate the dissolution of MSU deposits to control the debilitating effects of advanced gout (21, 22) . However, because oxidative injury may exacerbate CVD and other gout-associated disorders, it is important to know whether inducing hypouricemia while simultaneously generating H 2 O 2 with pegloticase increases oxidant stress.
We have addressed two questions relevant to this issue: During pegloticase therapy, (i) does H 2 O 2 production exceed the physiologic capacity to eliminate H 2 O 2 , and (ii) does oxidative stress status increase? Regarding the first question, we consider the role of erythrocytes in preventing H 2 O 2 from accumulating and causing injury. To address the second question, we have monitored plasma levels of F2-isoprostanes (F2-IsoPs) and protein carbonyls (PCs), biomarkers of lipid and protein oxidation (23, 24) , during a phase II clinical trial of pegloticase for refractory gout. Because of the extreme range of PUA encountered in each patient, our findings offer valuable insight into the in vivo role of urate as an antioxidant.
Results
The Role of Erythrocytes in Eliminating H 2 O 2 Generated by Pegloticase. Speculation that pegloticase therapy may increase H 2 O 2 to toxic levels (25) implies a greater rate of production than elimination. Before clinical testing we considered this possibility unlikely for these reasons: (i) because of PEGylation, infused pegloticase would be restricted to plasma (20) ; (ii) H 2 O 2 freely crosses cell membranes; and (iii) erythrocytes are known to have a prodigious capacity to decompose H 2 O 2 generated within the vascular compartment (26, 27) . We estimate that erythrocytes can eliminate H 2 O 2 2-3 orders of magnitude faster than it can be produced by pegloticase therapy (Table 1) . The importance of this rate disparity is evident in studies performed with the CEM human T-cell leukemia line ( Fig. 1) , in which culture medium was supplemented with 0.3 or 0.5 mM urate and 40 mU/mL of pegloticase, close to the maximal plasma activity during therapy (20) , and able to oxidize the urate in a few minutes. The combination of urate plus pegloticase, but neither alone, was highly toxic, decreasing CEM viability (Fig. 1A ) and arresting growth (Fig. 1B) . This cytotoxicity was prevented by adding either excess catalase (Fig. 1A) , showing that the cytotoxicity was caused by H 2 O 2 , or 4 × 10 7 /mL human RBC (Fig. 1B) , ∼1% of the RBC count in normal blood. Human RBC previously have been shown to protect murine leukemia cells from reactive oxygen species (ROS) generated by the combination of hypoxanthine and xanthine oxidase (26 Fig. 2A) . By contrast, under conditions mimicking the blood of a markedly hyperuricemic, moderately anemic patient, rapidly generating ∼160-fold more H 2 O 2 with pegloticase caused only a trace of Prx2 dimer to appear transiently in RBC (Fig. 2B) . Over a 70-day period, we observed no Prx2 dimer in erythrocytes of a patient receiving pegloticase (Fig. 2C ). In this 
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*The rate of urate oxidation during the 24 h after the first 8-mg dose of pegloticase is based on the specific activity of pegloticase measured at 37°C (31) . A similar rate is obtained using the mean maximum plasma uricase activity (Cmax), 26.0 ± 2.8 mU/mL, determined 2 h after this dose of pegloticase (20) . After such an infusion, PUA declines rapidly to hypouricemic levels, indicating depletion of the soluble urate pool (19, 20) ; thereafter (beyond 24-48 h after the first infusion), urate oxidation is limited to about the endogenous rate of urate production, ∼750 mg (4,500 μmol) per 24 h (9). The rate of dissolution of MSU deposits cannot be measured, but from the rate of tophus resolution it appears to be significantly less than the rate of urate biosynthesis. For the present purpose we do not consider factors that would further reduce the availability of urate for oxidation, such as renal and nonrenal urate elimination and clearance of pegloticase from plasma (T1/2 = 12.5 ± 0.9 d; ref. 20) .
† The rate at which intact human erythrocytes scavenge extracellularly generated H 2 O 2 is based on a previous study (27) , and assumes a hematocrit of 40. 6 /mL in PBS, 5 mM glucose) were incubated at 37°C with 5 μM H 2 O 2 for 5 min; then, at the indicated times, aliquots were removed for immunoblot analysis of Prx2 monomer (mon) and dimer (dim) distribution. (B) Effect of urate plus pegloticase on Prx2 in reconstituted blood. Washed RBC from a healthy individual were resuspended in two volumes of plasma containing 13.7 mg/dL urate (0.82 mM); after the addition of 30 mU/mL pegloticase, the suspension was incubated at 37°C. At the indicated times, aliquots were removed for measuring urate concentration in plasma and for analysis of Prx2 in RBC. (C) Analysis of Prx2 in erythrocytes during treatment with pegloticase (8 mg every 3 wk). Blood samples drawn immediately before ("pre") and 2 h after ("+2h") infusions of pegloticase on the indicated days of treatment were processed to determine PUA. The remaining RBC were washed with 100 mM NEM, and then frozen at −80°C for en batch immunoblot analysis of Prx2. As a positive control, 10 μL of RBC from the final sample (day 70) was removed before the NEM wash and incubated for 10 min in 100 μL of PBS, 5 mM glucose, 75 μM H 2 O 2 to generate Prx2 dimer. patient PUA fell from 9.0 to 4.9 mg/dL within 2 h after the first infusion (the earliest posttreatment sample) and was <2 mg/dL thereafter. The absence of Prx2 dimer indicates that the capacity of RBC to eliminate H 2 O 2 was never exceeded, consistent with the rate estimates in Table 1 .
Characteristics of Refractory Gout Patients and Response to Pegloticase. The 26 patients studied had clinical features (Table 2) similar to those of refractory gout patients treated in other trials of pegloticase (19, 20, 31) . Notably, 92% had tophaceous MSU deposits, indicating advanced disease, and the prevalence of hypertension, diabetes, and CVD was very high.
Plasma levels of urate and F2-IsoP are plotted in Fig. 3 A and B, respectively. At baseline (Fig. 3A, "pre") , all patients were markedly hyperuricemic, with a mean PUA of 10.8 ± 1.3 mg/dL (range 9.0-13.7 mg/dL). PUA fell rapidly in all patients after the first infusion of pegloticase, to a mean of 7 mg/dL within 2 h and to ≤1 mg/dL at 48 h and 168 h. The response to pegloticase subsequently diverged, as is evident from the two distinct clusters of PUA values measured after the last infusion (the red and blue symbols in the last two columns of Fig. 3A) . The wide range of PUA measured at a follow-up visit reflects variability in the terminal clearance of pegloticase from plasma.
Among the 21 patients who received all five infusions, 16 had persistently low PUA, averaging 0.9 ± 0.5 mg/dL in samples obtained weekly over a 15-wk period from day 2 after the first dose of pegloticase through 3 wk after the last dose (the calculation is given in Materials and Methods). PUA is a measure of the soluble pool of uric acid, but tophaceous MSU deposits were depleted also, as illustrated in Fig. 4 for one of these patients. The remaining five patients who completed the trial had a transient response to pegloticase, with PUA returning to baseline levels by the second to fourth infusion and averaging 6.6 ± 2.1 mg/dL over this 15-wk period. At the follow-up visit 7 wk after the last dose of pegloticase, the "persistent" and "transient" responders had mean PUAs of 5.7 ± 3.0 mg/dL and 11.2 ± 1.7 mg/dL, respectively. As observed in previous trials, the early loss of PUA control was caused by accelerated clearance of pegloticase associated with the appearance of antibodies to PEG (20, 31) .
Oxidative Stress Status and Relationship with PUA During Pegloticase Therapy. F2-IsoPs are produced solely by free radical attack on cell membrane-associated arachidonic acid (32); their measurement by GC-MS has been validated as a reliable index of oxidative stress status (23, 33) . The mean plasma concentration of F2-IsoPs at baseline (Fig. 3B , "pre") was 69 ± 38 pg/mL (range, 30-182 pg/mL). In previous studies using the same GC-MS methodology, a level of 35 ± 6 pg/mL was found for normal human plasma (34) , and a value >50 pg/mL was considered elevated in a study involving 396 nonsmoking healthy adults (35) . Of the gout patients in the present study, 17 (65%) exceeded the normal mean by 2 SD, and 15 (58%) exceeded the normal mean by 3 SD; the baseline plasma F2-IsoP concentration in these 15 patients ranged from 53-182 pg/mL. Consistent with the reported association between obesity and increased oxidative stress (35, 36) , body mass index correlated with baseline plasma F2-IsoP concentration (R 2 = 0.22, P = 0.016); interactions with neither age nor a diagnosis of CVD reached statistical significance. We did not collect information on ascorbate levels or smoking status, which also might have influenced plasma F2-IsoP levels (35, 37) .
If urate is important in limiting lipid peroxidation in vivo, plasma F2-IsoP levels might be expected to correlate with PUA or to increase when urate is markedly depleted, particularly in patients under oxidative stress. However, there was no significant change in mean plasma F2-IsoP concentration during treatment with pegloticase (Fig. 3B) . Regression analysis of the data from Fig. 3 indicated no relationship between overall plasma urate and F2-IsoP levels (R 2 = 0.01; P = 0.21). We also analyzed the relative change from baseline (Fig. 5) . At no sampling time was the mean change from baseline in F2-IsoP concentration statistically significant, although there was a slight downward trend. One week after the first infusion of pegloticase (Fig. 5, Left) , the mean decline for all 26 patients was 7.5%. One week after the fifth infusion (Fig. 5, Right) , the 16 still-hypouricemic patients showed a mean 12% decrease from their baseline F2-IsoP levels, whereas the five patients who had again become hyperuricemic showed a 13% increase. At follow-up, F2-IsoP concentration had returned to baseline in the "persistent responders" and was 28% above baseline in the hyperuricemic "transient responders,"
The level of carbonyl groups in plasma proteins has been used to assess oxidative stress in various disease states (24, (38) (39) (40) . We used a standardized ELISA kit to measure PC levels in plasma obtained before treatment, and 1 wk after the first and fifth doses of pegloticase (Table 3 ). There was no statistically significant difference in mean plasma PC levels at these times. At the last sampling time, mean PC levels were about 9% above baseline in the hypouricemic "persistent responders" and 20% above baseline in the hyperuricemic "transient responders," suggesting that this modest increase was not related to urate depletion.
Discussion
Although urate contributes significantly to plasma radical-scavenging antioxidant capacity, the in vivo significance of this in vitro measurement is unclear. The association of low-normal serum urate levels with Parkinson's disease and multiple sclerosis has led to proposals that higher PUA protects neurons from toxic effects of peroxynitrite (7, (41) (42) (43) . However, urate concentration in brain is much lower than in plasma (7, 44, 45) ; urate is a poor scavenger of peroxynitrite (46) (47) (48) ; and reactions of urate with free radicals have pro-as well as antioxidant consequences (46, 47, 49, 50) . Moreover, significantly raising serum urate concentration for 2 years was of no benefit in patients with relapsing-remitting multiple sclerosis (51) . A positive correlation between plasma urate and PC levels has suggested that urate is ineffective in controlling oxidative stress in some other clinical settings (39, 40) . Although rare, inherited deficiencies of xanthine oxidase and the Urat1 transporter both cause lifelong hypouricemia, but neither has been associated with neurodegenerative diseases or other chronic illnesses linked to oxidative injury (52, 53) .
Pegloticase therapy for refractory gout offers a unique advantage for assessing the antioxidant role of urate in vivo. PUA encountered in epidemiologic studies is limited at the low range, and the converse situation exists in experimental animals. Conventional therapy for gout rarely causes hypouricemia, and the uricase inhibitor oxonic acid increases PUA in rats only to the low-normal range for humans. Uricase knockout mice have high PUA, but, rather than conferring an advantage, this high PUA causes renal failure soon after birth (54, 55) . By contrast, PUA ranged from >10 to <0.5 mg/dL in almost every patient in the present study. Hypouricemia was induced rapidly by pegloticase and in most cases was sustained, permitting evaluation of acute and chronic effects, with each patient serving as his or her own control. The production of H 2 O 2 accompanying urate oxidation, along with comorbidities associated with gout, provides an oxidative challenge, increasing the ability to detect a meaningful loss of antioxidant protection caused by hypouricemia and urate depletion. I.v. pegloticase can be viewed as ectopic uricase replacement, acting in plasma rather than in hepatic peroxisomes, where uricase is expressed in most mammals, and with RBC replacing the organelle as a rich source of peroxidases to eliminate H 2 O 2 derived from urate oxidation. In vitro, erythrocytes at low density completely protected CEM lymphoblasts from H 2 O 2 generated by concentrations of urate and pegloticase mimicking those at the start of therapy. The absence of Prx2 dimer in the RBC of a patient during treatment, including at 2 h after the first infusion when the soluble urate pool is being depleted and H 2 O 2 production is maximal, confirms that erythrocytes have more than sufficient capacity to prevent H 2 O 2 from achieving a level capable of causing cell injury.
As noted (Table 1) , H 2 O 2 production declines by about 10-fold beyond the initial 24-48 h of treatment, whereas hypouricemia is maintained as long as plasma uricase activity exceeds the rate of urate production. During this period, the impact of low PUA itself on oxidative stress status can be assessed. Three of our findings suggest that plasma urate provides little protection from oxidants in vivo. First, in spite of marked hyperuricemia, pretreatment plasma F2-IsoP concentrations were significantly elevated in most patients, indicating a high level of oxidative stress. Second, over the wide range of PUA observed during treatment with pegloticase, there was no correlation between PUA and plasma F2-IsoP concentrations. Third, inducing hypouricemia did not cause F2-IsoP levels to increase; on the contrary, maintaining PUA at <1 mg/dL for 15 wk was associated with a trend toward a decline in F2-IsoP levels from baseline.
To our knowledge, systemic oxidative stress status has not previously been examined in gout. However, it is plausible that chronic gout is at least partly responsible for the increased oxidative stress. At hyperuricemic levels, prooxidant effects of soluble urate may predominate. MSU crystals also may play a role by activating the NALP-3 inflammasome in phagocytic cells, resulting in IL-1β secretion, recruitment of neutrophils, and generation of In each panel, the data in the first four columns from the left were obtained from all 26 patients before ("pre") and at the indicated times after the first infusion of pegloticase. Data in the last two columns on the right were obtained 7 d after the last infusion of pegloticase ("L + 7d"), and at a follow-up visit ("F-up") 7 wk after the last infusion (i.e., the fifth dose for 21 patients, and the second or third dose for four patients who discontinued treatment earlier, as explained in Materials and Methods). The horizontal lines represent the mean, and vertical bars represent SEM. *P < 0.0001 vs. pretreatment. In A, red symbols in the last two columns indicate patients with "transient" responses to pegloticase; blue symbols indicate patients with "persistent" responses, as defined in Results.
inflammatory mediators, including ROS (56, 57) . At early stages of gout, attacks of arthritis are isolated, but in refractory gout extensive MSU deposits cause chronic, widespread inflammation. Eliminating proinflammatory MSU deposits, as illustrated in Fig. 4 and as reported previously (58), might reduce systemic oxidative stress. This possibility deserves further investigation during longer periods of therapy, as does the possibility that this effect may reduce morbidity from gout-associated diseases.
In judging the antioxidant advantage resulting from loss of uricase, it is useful to consider the contribution of urate to the antioxidant capacity of whole blood, rather than plasma. Whereas plasma urate reacts stoichiometrically with oxidants, catalase, superoxide dismutase, glutathione peroxidase, and Prx2 in RBC react catalytically and far more rapidly, conferring an immense capacity to consume H 2 O 2 generated by the auto-oxidation of hemoglobin, as well as H 2 O 2 and other oxidants, including peroxynitrite, produced within the vasculature. For example, the apparent second-order rate constant for the reaction of urate with peroxynitrite is ∼5 × 10 (30) . The concentration of erythrocyte Prx2 in blood is ∼240 μM, close to that of plasma urate and high enough to scavenge H 2 O 2 noncatalytically (28-30). As a means of protection from systemic oxidant damage, localizing high levels of peroxidases within RBC seems far superior to elevating PUA, and less hazardous. The effect of losing urate oxidase on human evolution will continue to be a subject of interest and speculation.
Materials and Methods
Materials. Mouse monoclonal anti-2-CysPrx (LF-MA0073) was obtained from Lab Frontier, and goat anti-mouse IgG, peroxidase conjugate was obtained from Calbiochem.
Cell Culture. Mycoplasma-free CCRF-CEM human T-lymphoblastoid cells (American Type Culture Collection) were obtained from the Duke University Cell Culture Facility. They were maintained in RPMI 1640 medium (Invitrogen) with 2 mM L-glutamine and 10% dialyzed FBS. Cell counts were performed with a Cellometer Auto T4 (Nexcelom). When CEM cells were cocultivated with human erythrocytes, the latter were lysed before counting by dilution into 10 mM KHCO 3 , 150 mM NH 4 Cl, 0.1 mM EDTA, pH 8.0.
Concentrations of Urate, F2-IsoPs, and PCs in Plasma. Fresh heparinized blood was placed on ice and centrifuged at 4°C within 15 min. An aliquot of the plasma was acidified for measuring PUA by HPLC (20, 31) . Additional aliquots of plasma were frozen at −80°C until they were sent on dry ice to Vanderbilt University for measurement of F2-IsoPs by GC negative ion chemical ionization mass spectrometry (34) . PCs in plasma were determined according to the manufacturer's instructions using an enzyme immunoassay kit (Biocell PC Test; Biocell Corp, Ltd.). PUA is expressed as mg/dL (multiplying by 0.06 gives mmol/L); if urate was undetectable, a value of 0.25 mg/dL (i.e., half the lower quantifiable limit) was assigned. F2-IsoP levels are expressed as pg/mL and PC levels as nmol/mg protein.
In Vitro Effects of H 2 O 2 and Urate Oxidation on Peroxiredoxin 2 in Erythrocytes. Erythrocytes prepared from fresh heparinized blood were washed three times in PBS, then resuspended in PBS containing 5 mM glucose or in plasma, followed by incubation with H 2 O 2 , or urate plus pegloticase, as indicated in figure legends. After incubation, RBC were centrifuged at 4°C and washed three times with ice-cold 100 mM NEM in PBS as described (28) . The RBC then were resuspended in 0.1 mL of nonreducing SDS sample buffer (65.8 mM Tris-HCL pH 6.8, 10.5% glycerol, 2.1% SDS) containing 100 mM N-ethylmaleimide (NEM) and stored at −80°C. For immunoblot analysis of Prx2, aliquots containing 10 μg protein (determined with BSA as standard) were electrophoresed on 12% SDS PAGE gels, transferred to a nitrocellulose membrane, blocked with 2% BSA, and probed with anti-2-CysPrx, followed by goat anti-mouse IgG, peroxidase conjugate. Prx2 bands were identified after incubation with diaminobenzidine and H 2 O 2 .
Erythrocyte Peroxiredoxin 2 During Treatment with Pegloticase. Heparinized blood obtained from patients at various times during treatment with pegloticase (8 mg every 3 wk) was processed within 15 min at 4°C. After plasma was removed, 10 μL of packed RBC were washed three times with freshly prepared ice-cold 100 mM NEM in PBS, essentially as described (28) . The RBC pellets then were resuspended in 0.1 mL of nonreducing SDS sample buffer containing 100 mM NEM and were stored at −80°C before immunoblot analysis of Prx2, as described above. (19, 20, 31) .
The trial protocol called for five 8-mg infusions of pegloticase administered at 3-wk intervals. As prophylaxis against gout flares, patients received colchicine or a nonsteroidal anti-inflammatory drug (unless contraindicated). As prophylaxis against infusion reactions, patients received prednisone (20 mg) and fexofenadine (60 mg) orally the evening before each pegloticase infusion. Fexofenadine was repeated on the morning of the infusion, along with hydrocortisone (200 mg i.v.).
Analysis of the Relationship Between Plasma Urate and F2-IsoP Concentrations.
Stored samples suitable for analysis were available from 26 subjects, including 21 who had received all five infusions of pegloticase and five who had discontinued treatment after one to three infusions because of adverse events or loss of ability to maintain PUA below 6 mg/dL. PUA was measured before and 2 h after each pegloticase infusion and weekly until 21 days after the last dose; in addition, PUA was determined at 48 h after the first and fifth infusions and at a follow-up visit 7 wk after the last infusion. The average PUA between day 2 after infusion 1 and day 21 after infusion 5 was determined by dividing the area under the concentration curve for PUA by the number of days in the monitoring period (nominally 103).
To assess F2-IsoP levels at both extremes as well as intermediate values of PUA, a set of six frozen plasma samples was analyzed: samples 1-4 were, respectively, the baseline (pretreatment) and specimens obtained 2, 48, and 168 h after infusion during the first week of treatment; samples 5 and 6 were obtained 1 wk and 7 wk after the final (fifth) infusion of pegloticase. Samples 1-4 were available from all 26 patients; samples 5 and 6 were available from the 21 patients who completed the study. From four patients who received only two or three infusions, a fifth sample was obtained 1 or 2 wk after their last infusion, and in two cases, a sixth sample was obtained at a follow-up visit 4 or 11 wk after the last (second) infusion. The samples for F2-IsoP determination were coded and sent in two batches to Vanderbilt University on dry ice, without patient identifiers or information about PUA, number of infusions completed, or response to therapy. After the analysis was completed, the F2-IsoP and PUA data for individual samples were matched to assess the correlation between these parameters.
Statistics. Except as indicated, data are expressed as mean ± SD. Statistical analyses were performed using JMP software, version 8.0 (SAS Institute). The overall correlation between plasma F2-IsoP and urate concentrations was assessed by linear regression. The changes from baseline in PUA and levels of plasma F2-IsoP and PC were assessed by paired t test and also by multivariate ANOVA for repeated measurements. Means for patient subgroups were compared using ANOVA. Nonparametric methods were tested also but did not 
